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The role of membrane in the maintenance of bacterial 
DNA has been of interest for the past 25 years. In this 
regard, the interaction of plasmid R6K with its host cell 
membrane has been studied to better understand the 
relationship between these two cellular components. 
In vitro binding studies revealed that plasmid R6K 
could attach to both outer and inner membrane fractions of 
its host cell, Escherichia coli. Derivatives of R6K 
carrying 1 or 2 of its three origins of replication could 
not bind to membrane fractions from their hosts nor 
membranes from F" bacteria. However, the derivative, 
pRK35, carrying the intact three origins of replication 
could bind to membranes from its host but not from F" 
bacteria. These observations suggest that the three 
origins must be contiguous for stable binding of the 
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plasmid to the cell membranes. Binding studies of R6K to 
membrane fractions from F" cells suggest that complexing 
of the plasmid is a plasmid-encoded function. Plasmids NR1 
and pI524 (from gram-negative and gram-positive hosts, 
respectively) could bind to membrane fractions from a 
plasmid R6K host. 
Competitive binding experiments showed that R6K is 
competitive with pRK35 (a derivative carrying the three 
origins), and a plasmid, pI524, from Staphylococcus aureus. 
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Plasmids are extrachromosomal elements which can exist 
and replicate as separate entities from the host 
chromosomal DNA within the bacterial cells. They are 
double stranded molecules, and are mostly found in 
bacteria. Unlike viruses, they do not have a protein coat 
nor any other protein molecules shown to be associated with 
viruses. In this respect, they are simpler than viruses. 
Plasmids are uniquely responsible for numerous 
diseases of plants and animals, and they carry the 
information for bacterial conjugation. They have been 
implicated in carrying the information for some human 
diseases such as, traveler's diarrhea, bacterial dysentery, 
etc. In addition, many plasmids are useful in that they 
carry the information for milk fermentation and degradation 
of complex hydrocarbons by soil bacteria. They have unique 
characteristics in that they confer on their host 
resistance to a wide variety of toxic agents, such as, 
antibiotics and heavy metals. In this regard, some 
plasmids pose some clinical and environmental problems. 
According to Novick (1980), it was the clinical importance 
of antibiotic resistance that first drew the attention of 
biologists to plasmids. This later led to some 
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understanding of their role in bacterial genetics. 
Recently, plasmids have become increasingly and intensively 
investigated. This is, in part, due to the fact that they 
are ideal vectors for introducing foreign genes into 
various cell types by recombinant DNA technology and 
molecular cloning. These techniques are currently 
revolutionizing genetic analyses, and are vital tools in 
industrial production of antibiotics and hormones in large 
quantities. 
Joshua Lederberg (1952), who discovered conjugation in 
Escherichia coli, coined the word plasmid in 1952 after 
observing the fertility factor (F+) in bacteria. Although 
the use of plasmids in molecular cloning (genetic 
engineering) has been intensively investigated, little is 
known about plasmid autonomy. Plasmid autonomy involves 
not only the ability to replicate independently, but also 
the stable inheritance of the genetic materia. This 
includes control of their own replication, and the 
distribution of genetic materia to daughter cells during 
cell division. It is hoped, therefore, that plasmids, 
being small in size and easy to manipulate, will be good 
models for studying DNA maintenance, i.e., the replication 
and partitioning of DNA in bacteria. 
The proposal of Jacob et al. (1963) that bacterial DNA 
attaches to the cytoplasmic membrane for stable maintenance 
has led to many investigations in an effort to understand 
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the manner by which DNA is maintained in procaryotes. 
Since then, evidence has been presented to support the 
notion that DNA can be found complexing to membrane in both 
gram-negative and gram-positive bacteria. However, the 
purpose of such complexing in the maintenance of DNA has 
not been clearly defined. Studies of E. coli DNA digested 
with restriction enzyme, and added to purified membrane 
have shown that only the fragment containing the origin of 
replication could preferentially bind to the membrane 
fraction. These studies suggested that complexing of DNA 
to membrane may be for purpose of replication. 
An examination of the binding of fragments containing 
the origin of replication have shown that these fragments 
are preferentially linked to the bacterial membrane via 
proteins (Winston and Sueoka , 1980b; Hendrickson et al., 
1981; Kusano et al., 1984; Mosiq and Mcdonald, 1986). Some 
of these proteins have been implicated in DNA bending, a 
process that has been shown to be necessary in gene 
expression, initiation of DNA replication, and segregation 
of DNA to daughter cells during cell division (Koepsel and 
Khan, 1986). In vitro studies of DNA replication have 
shown that initiation and plasmid DNA replication could 
occur in the absence of cell membrane (Tonizawa et al., 
1981; Inuzuka and Helinski, 1978; Diaz et al., 1981). Even 
though cell membrane was not required in these in vitro 
studies, it may be required under certain growth conditions 
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for correct regulation of initiation and segregation under 
in vivo conditions. 
To date, there is little evidence in support of the 
attachment of bacterial DNA to the cell membrane for 
segregation. In this regard, the incompatibility site of 
bacteriophage, PI, has been implicated in its attachment to 
cell membrane. This site is believed to serve in the 
segregation of temperate phage prophage during cell 
division (Abeles et al., 1985). 
Early studies of plasmid R6K have revealed its 
association with host membrane fractions (Archibold et al., 
1983). However, the function of this association has not 
been defined. In view of these findings, this study was 
undertaken to study further the association of plasmid R6K 
DNA to its host (E. coli) cell membrane. These studies 
should shed some light on the possible role(s) the cell 
membrane plays in maintenance of procaryotic DNA within its 
host cell. 
Using in vitro binding studies, plasmid R6K DNA- 
membrane complexing was investigated with the following 
specific objectives: (i) to ascertain which of the membrane 
fractions (inner or outer) is responsible for the anchorage 
of plasmid R6K DNA; (ii) to study the effects of magnesium 
and potassium ions on complexing of R6K to its host 
membrane fractions; (iii) mapping of the attachment sites 
on plasmid R6K DNA, to determine which of the three origins 
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for replication is involved in DNA-membrane complexing; 
(iv) to determine if binding is a plasmid determined 
function; and (v) to determine the specificity of such 
binding to the respective membrane fractions. 
Plasmid R6K is a self-transmissible plasmid which 
carries resistance to the antibiotics, ampicillin and 
streptomycin (Arai and Clowes, 1975). It has a molecular 
weight of 25 x 106 (Kontomichalou et al., 1970). The 
plasmid is normally in a covalently closed circular (CCC) 
configuration, and is under relaxed replication control 
with 10-15 copies per chromosomal DNA equivalent (Archibold 
et al., 1978; Arai and Clowes, 1975; Clowes, 1972). 
CHAPTER II 
REVIEW OF LITERATURE 
Jacob et al. (1963) proposed that for a "replicon" 
(any replication unit), replication starts at a specific 
point known as the origin and proceeds in a linear manner 
to another point known as the terminus. In addition, there 
is an initiator substance, encoded by the replicon itself, 
that acts to trigger the replication process. These 
investigators proposed further that in bacteria, all 
autonomous replicons are attached to the cell membrane. 
This attachment is said to be essential for their 
replication and partitioning in progeny cells. 
This brilliant proposal made by Jacob et al. (1963) 
triggered many investigations in attempts to understand the 
interaction between the procaryotic cell membrane and DNA. 
Cytological and biochemical studies have shown an 
attachment between cell membrane and bacterial DNA (Ryter, 
1968; Heidrich and Olsen, 1975). Membrane attachment of 
the bacterial chromosome has been demonstrated by electron 
microscopy of ultrathin sections and series of 
fractionation techniques (Ryter, 1968; Ivarie and Pene, 
1970; Tremblay et al., 1969). Many investigations were 
designed in order to ascertain if the attachment is at one 
or many points, and if these attachment points represent 
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specific regions of the DNA (Ivarie and Pene, 1973; 
Hendrickson et al., 1982). 
It has been possible to extract a DNA-membrane complex 
from both gram-negative and gram-positive microorganisms 
(Firshein, 1972; Hendrickson, 1982; Horowitz et al., 1979; 
Firshein and German, 1981; Kusano et al., 1984; Dworsky and 
Schaechter, 1973; Toyoda et al., 1978; Yaffe et al., 1979; 
Firshein, 1972; Archibold et al., 1983; Korn, 1983; 
Kornacki and Firshein 1986; Latinwo, 1986). Biochemical 
studies of these DNA-membrane complexes have shown the 
origin of chromosomal DNA replication of E. coli to be 
specifically bound to the membrane via a protein 
(Nicolaides and Holland, 1978; Craine and Rupert, 1978). 
It was also shown that the outer membrane layer is enriched 
in origin DNA. From these studies, much evidence has been 
accumulated to support the idea that such complexes could 
represent the site of DNA replication in vitro (Liebowitz 
and Schaechter, 1975). In support of this notion, 
experiments have shown that when an E. coli culture was 
treated with an antibiotic like chloramphenicol, which 
interferes with protein synthesis, DNA was not found 
associated with any of the cell membrane layers (Wolf-Watz 
and Norqvist, 1979). 
Winston and Sueoka (1980a) reported the binding of 
Bacillus subtilis chromosomal origin to the bacterial cell 
membrane in conjunction with the initiation of DNA 
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replication. They also showed the involvement of dnaB gene 
in these phenomena. Watabe and Forough (1987) used plasmid 
DNA pKWl and M13 mpl9-pKWl to demonstrate that the product 
of the dnaB gene has influence on replication as well as 
binding of DNA to the cell membrane. Recently, Ogden et 
al. (1988) reported binding of the replicating origin of E. 
coli chromosome to outer cell membrane only when the DNA 
was hemimethylated. In addition, attention has also been 
focused on membrane proteins and their roles in replication 
and segregation. Laffan and Firshein (1987) presented 
evidence that membrane-associated proteins were bound to B. 
subtilis DNA, and that two of the proteins were strongly 
associated with the DNA at the origin region. According to 
Filutowicz et al. (1985a), the product of the pir 
structural gene possesses general DNA binding properties 
with preference for DNA fragments containing the R6K alpha 
(a) origin of replication, the region of the pir gene, and 
the R6K beta (/3) origin sequence. 
Some studies have indicated the possible involvement 
of RNA in DNA-membrane complexing. Dworsky and Schaechter 
(1973) reported decreases in attachment points of plasmid 
DNA to E. coli cell membrane by treatment of the cells with 
rifampicin. However, these decreases were not observed in 
a mutant with RNA polymerase resistance to rifampicin. 
Studies have shown that plasmid DNA molecules sedimenting 
with the bacterial chromosomal complex could be released 
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from their association by exposure to RNase (Kline et al., 
1976; Sheehy et al., 1978). Furthermore, Archibold et al. 
(1978) have shown that replicating DNA molecules at all 
stages of polymerization were susceptible to release by 
RNase. Archibold et al. (1981) employed rifampicin to 
examine further the involvement of RNA in the association 
of plasmid R6K replicating forms with the host chromosomal 
complex. Their findings suggested that de novo synthesis of 
RNA is required to maintain complexing of R6K replicating 
forms with their template sites. 
Firshein et al. (1982) used plasmid RK2 to study the 
replication of a plasmid in a plasmid DNA-membrane extract. 
Based on their findings, a derivative of a low copy number 
mutant of the plasmid can initiate and complete the 
synthesis of new plasmid DNA in vitro without the addition 
of exogenous plasmid DNA and enzyme. This strongly 
suggests that the plasmid DNA-membrane complex is capable 
of providing template and all that is required for the 
replication of this plasmid. The necessity of origin DNA- 
membrane association for initiation of replication was 
observed by Winston and Sueoka (1980a). These 
investigators observed a decrease in origin DNA-membrane 
association in B. subtilis with a dna-1 initiation 
mutation. Additionally, in a temperature-sensitive mutant 
of B. subtilis containing plasmid pSL103, a decrease in 
DNA-membrane complexes was observed at non-permissive 
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temperatures. However, membrane association of chromosomal 
DNA and plasmid pSL103 could be restored by allowing 
initiation to occur at the permissive temperature. 
According to Scott (1984), the system for regulation 
of replication has an important role to play in the 
accurate maintenance of copy number of plasmid DNA in a 
cell. This is because some plasmids have high copy numbers 
and others have low copies per host chromosomal 
equivalence. In this regard, maintenance of plasmid DNA in 
bacterial cell lines depends on faithful replication of the 
plasmid once in each cell cycle. In addition, it also 
requires accurate partitioning so that each daughter cell 
receives at least one copy (Scott, 1984; Biek and Cohen, 
1986; Abeles et al., 1985; Austin and Abeles, 1983). 
Biek and Cohen (1986) characterized a gene that 
affects the maintenance of plasmid pSClOl in E. coli. 
According to these investigators, stable maintenance of 
pSClOl in growing cell lines required a plasmid locus (par 
region) that is involved in the equal distribution of 
plasmid DNA molecule to daughter cells. In examining this 
issue, Austin et al. (1986) cloned the par region of pi and 
F plasmids to pBR322. After transformation, they grew the 
cells for ten generations without loss of the plasmid. 
This approach was used to demonstrate the promotion by the 
par gene the ordered movement of plasmid copies to daughter 
cells after/during replication of the plasmid. 
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In keeping with the Jacob et al. (1963) proposal that 
the replicon by itself should encode an "initiator" that 
acts at the origin, initiation of replication of plasmid 
R6K has been shown to require such a protein, Pi protein 
(Inuzuka and Helinski, 1978; Stalker et al., 1982; Germino 
and Bastia, 1983). According to Inuzuka et al. (1980), 
electron microscopic analyses of plasmid R6K have 
demonstrated the three regions of origin of replication a, 
/3, and y (alpha, beta and gamma, respectively) (Crosa, 
1980, Kolter and Helinski, 1978a). The complete nucleotide 
sequence of this plasmid has already been elucidated 
(Stalker et al., 1982; Kolter and Helinski, 1982; 
Shafferman et al., 1982; Shon et al.,1982). These 
investigators found that each of these origins is capable 
of autonomous replication but they are preferentially used 
for in vivo or in vitro replication. According to Crosa et 
al. (1976) and Crosa (1980), the a origin is active in vivo 
over 50% of the time for replication. The beta (/3) is 
active in 40% and the Y is seldom detected in vivo. Patel 
and Bastia (1986) also reported that the Y origin is 
infrequently used and, therefore, remains silent in certain 
mini-plasmid derivatives. This inactivation is due to a 
natural origin silencer sequence (OSS) located adjacent to 
the Y origin sequence. McEachern et al. (1985) constructed 
a plasmid with only the Y origin of replication. Mutations 
in the Y origin of this plasmid led to prevention of n 
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protein from binding to the Y region as well as inability 
of this origin to replicate. 
The /3 origin has also been cloned, and it has extended 
contiguous sequences of nucleotides for an active p origin. 
It is said to contain the incompatibility region 
(Shafferman and Helinski, 1983). Mukhopadhyay et al. 
(1986) further investigated the p origin and found that it 
requires a product of the bis gene for activity. The bis 
sequence is dispensable for a and Y origin activity, but 
for the p origin, mutation in the bis sequence resulted in 
the lost of p origin activity. It is now apparent that in 
addition to the initiator protein (n protein-required for 
initiation activity of each of the three origins of plasmid 
R6K), another protein (bis protein) is expressed in the p 
replicon of mini-R6K. According to Kolter et al. (1978), 
it is the interaction of the rr protein with the seven 
repeat sequences in the Y origin that leads to the 
initiation of replication. The interaction of this protein 
with the eighth repeat sequence (located near the promoter 
of the pir structural gene) regulates its own expression. 
Therefore, the n protein appears to regulate initiation of 
replication of plasmid R6K, and it has been suggested to 
modulate its own expression (Kolter et al., 1978; 
Filutowicz et al., 1985b; Filutowicz et al., 1986; 
Filutowicz et al., 1987). 
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Korn et al. (1983) developed a system to study the in 
vitro binding of a plasmid to the membrane fraction of B. 
subtilis. The plasmid used was pSL103, a chimeric plasmid 
containing a Staphylococcus aureus plasmid and a DNA 
fragment carrying the trpC* gene of B. pumilus. In these 
in vitro studies, analyses demonstrated that binding is 
specific to the origin-containing portion of pSL103. The 
trpC* carrying portion neither binds to the membrane nor 
competes with pSL103 for binding to the membrane fraction 
in vitro. In addition, ColEl plasmid DNA, which does not 
replicate in B. subtilis, did not bind to the B. subtilis 
membrane fraction nor compete with pSL103 for binding sites 
(Tanaka and Sueoka, 1983). In this regard, Hendrickson et 
al. (1982) have shown that the origin DNA from the E. coli 
chromosome could also bind specifically to the purified 
membrane layer. These investigators further illustrated 
that when E. coli DNA was digested with EcoRl and Smal 
restriction enzymes, and the fragments added to the 
membrane in the presence of exogenous competitor DNA, a 
single fragment was bound preferentially to the membrane. 
The fragment contained the origin for E. coli chromosome 
replication. It has also been shown in B. subtilis that in 
vitro binding can be reduced by high salt concentration. 
In vitro binding does not require the functional product of 
the initiation gene, dna-1, while the in vivo binding 
requires dna-1 and it is not salt-sensitive. 
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Studies have shown that the E. coil cell membrane is made 
up of many structural components. Included in these 
structures are the outer membrane (OM) layer, the inner 
membrane (IM) layer, the murein sacculus that lies between 
the inner and outer membrane layers, and a zone of adhesion 
that links inner membrane to the murein-outer membrane 
layer (Lugtenberg and Alphen, 1983; Bayer, 1968). Many 
techniques are currently used to fractionate and isolate 
these different membrane layers of gram-negative organisms 
such as E. coli. Most of these techniques are based on 
density gradient centrifugation of disrupted cells. The 
end results of most methods employed are that two major 
membrane bands are observed after ultracentrifugation 
(Ishidate et al., 1986; Osborn et al., 1972). However, 
Osborn et al. (1972) used isopynic sucrose density gradient 
centrifugation to isolate inner and outer cell membrane 
layers from E. coli and they observed three major and one 
minor membrane bands. The minor band corresponds to 
unseparated cell membrane while one of the major bands 
corresponds to the outer membrane fraction, called H 
(Heavy). The remaining two major bands, called Lx and L2 
(Light), correspond to inner membrane layers. Biochemical 
and analytical tests revealed that the inner and outer 
membrane fractions of E. coli differ remarkably in overall 
protein and lipid compositions. Osborn et al. (1972) also 
noticed differences in specific enzyme activities. The 
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outer membrane layer has most of the phospholipase activity 
while the inner membrane layer has the oxidative 
phosphorylation enzymes, such as, cytochromes, succinate 
dehydrogenase, and D-lactate dehydrogenase (Hasin et al. 
1975) . 
The membrane isolation procedure (Osborn et al., 1972) 
would be used in conjunction with the in vitro binding 
procedure (Korn et al., 1983) to study plasmid R6K DNA- 
membrane association. This would provide some information 
on the role of membrane-DNA association in the maintenance 
of DNA molecules. 
CHAPTER III 
MATERIALS AND METHODS 
Bacterial Strains and Plasmids. 
The bacterial strains used in this study were plasmid 
negative E. coli strains, HB101, RS64, and an isogenic 
strain, RS50, harboring plasmid R6K. Other plasmids used 
were R6K derivatives, pRD17, pMF26, pMF34 and pRK35 (kindly 
supplied by Dr. Helinski). Plasmids pRD17, pMF26, and 
pMF34 confer ampicillin resistance (40 pg/ml) to their host 
cells, while plasmid pRK35 renders its host cells 
resistance to kanamycin (50 pg/ml) (Kolter and Helinski, 
1978b; Filutowicz et al., 1985a). 
Media and Culture Conditions. 
Nutrient-rich medium, L-broth, was used for growing 
the cells supplemented with appropriate antibiotics to 
select against any plasmid-negative cells. The synthetic 
medium, minimum salt (Curtiss, 1965), supplemented with 2 
pg/ml thiamine hydrochloride, 0.5% Casamino acid, and 0.5% 
glucose was also used. In some experiments, [3H]-thymidine 
(10 pCi/ml) and [14 C]-glycerol (1 pCi/ml) radioisotopes 
were used to label the plasmid DNA and the membrane 
components, respectively. To aid the uptake of [3H]- 




Isolation and Purification of Plasmid DNA. 
Some of the plasmid DNAs used in this study were 
isolated according to the procedure of Maniatis (1982) with 
slight modifications. After noticing the effects of sodium 
dodecyl sulfate (SDS) on plasmid R6K (formation of 
relaxation complexes leading to low yield of CCC forms of 
R6K), the procedure was changed to a Triton X-100 lysis 
protocol based on the procedure published by Clewell and 
Helinski (1972). 
The cell culture (250 ml) was pelleted at 10,000 rpm 
for 10 min at 5°C and then resuspended in 2.5 ml of 25% 
sucrose in 50 mM Tris-HCl (pH 8.0) and 1 mM EDTA. Five- 
tenth ml of 0.5 M EDTA was added, plus 0.5 ml of a freshly 
prepared solution of lysozyme (5 mg/ml in 0.5 M Tris-HCl). 
The solution was mixed, and after 5 min another 0.5 ml of 
0.5 M EDTA was added. After 5 min at room temperature, the 
solution was placed on ice for 10 min. Following this 
incubation period, 4 ml of Triton X-100 (0.2% Triton X-100 
in 50 mM Tris-HCl, pH 8.0; 60 mM EDTA) was added and mixed. 
The solution was then placed on ice for 15 min. The crude 
lysate was then spun at 30,000 rpm at 5°C for 30 min in 
Beckman SW41 type rotor. The supernatant was poured off, 
extracted twice with water buffered phenol followed by an 
isoamyl/chloroform (1 i 24) solution. The extracted clear 
lysate was brought to 8.4 ml with TE buffer (0.01 M Tris- 
HCl, 0.001 M EDTA, pH 8.0). Eight grams of cesium chloride 
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(CsCl) were added, and mixed gently until all the salt 
dissolved. An ethidium bromide solution (0.4 ml) (10 mg/ml 
in H20) was added, and mixed. The mixture was adjusted to 
a final density of 1.55 g/ml (refractive index 1.3860). 
Light paraffin oil was layered on the solution in 11 ml 
centrifuge tubes, and centrifuged at 42,000 rpm for 36 h at 
20°C (Clowes, 1972). At the end of the centrifugation, UV 
light was used to observe the location of the DNA bands. 
The lower band (plasmid band) was removed by puncturing the 
side of the tube with a number 21 hypodermic needle, and 
the band was allowed to drip into a collecting tube. This 
solution was extracted with butanol saturated with 
deionized water to remove the ethidium bromide. The 
extracted plasmid solution was dialyzed overnight against 
TE buffer to remove the CsCl salt. The solution was 
concentrated by addition of 1/10 volume of 3 M sodium 
acetate (NaOAc), and two volumes of 100% ethanol, and then 
incubated at -20°C overnight or at -70°C for 30 min. The 
solution was centrifuged at 15,000 rpm for 30 min at 4°C. 
The supernatant was discarded and the pellet was washed 
with 70% ethanol at room temperature. The pellet from the 
ethanol wash was allowed to air dry, and finally 
resuspended in 100 pi of TE buffer. 
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Horizontal Agarose Gel. 
Horizontal agarose gel electrophoresis technique was 
used to detect the presence of the plasmids and 
visualization of fragments generated after restriction 
enzyme digestion of the plasmids with the respective 
endonucleases. The technique was also used to observe the 
degree of purity of the plasmid DNA, in addition to 
determining the molecular weight of some of the plasmids 
used in this study. 
In these experiments, the sample was mixed with 
tracking dye (5% SDS, 25% glycerol and 0.55% bromophenol 
blue) in microfuge tubes, and electrophoresed in 0.7-0.8% 
agarose in Tris-acetate buffer (0.4 M Tris-HCl, 0.2 M 
acetic acid and 0.002 M EDTA, pH 8.0). The gels were then 
stained with ethidium bromide (1 pg/ml) for 15-20 min, and 
the gel was transferred to a tr ans illuminator for 
visualization. 
Isolation of Inner Membrane (IM) and Outer Membrane (OM) 
Layers. 
The technique of Osborn et al. (1972) was used for the 
isolation of the inner and outer membrane layers. In these 
experiments, 500 ml of unlabelled and 20 ml of labelled 
bacterial cultures were used. The two cell cultures were 
grown in a minimum salt medium, and the 20 ml culture was 
labelled with [u C]-glycerol (1 pCi/ml). After the cell 
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cultures had grown to 0. D.62Q of approximately 0.4, the two 
cell cultures were mixed (1:25) and pelleted at 10,000 rpm 
for 10 min at 5°C. The pellet was resuspended in a 4 ml 
solution containing 0.01 M Tris-HCl (pH 8.8), 0.005 M EDTA, 
and 0.001 M /3-mercaptoethanol. The cell suspension was 
disrupted by twelve 15-second bursts at 15-second 
intervals, at 4-setting of a W-220 F Heat-System Cell 
Disruptor. The cell debris was removed at low speed (8,000 
rpm for 10 min at 5°C), and the membrane pelleted by 
centrifugation at 28,500 rpm in SW50 rotor for 1 h. The 
pellet was suspended in a 0.5 ml Tris-EDTA resuspension 
buffer containing /3-mercaptoethanol. The 0.5 ml suspension 
was then incubated at 4°C for 1 h. The inner and outer 
membrane layers were separated by isopynic sucrose density 
gradient centrifugation as described by Osborn et al. 
(1972). Using an 11.0 ml centrifuge tube and by gentle 
step-wise layering, 2.1 ml each of 50, 45, 40, 35 and 30% 
sucrose solution was layered in the tube over a 0.5 ml 
cushion of 55% sucrose. The sample suspension was layered 
on top of the gradient and centrifuged in a Beckman SW41 
rotor at 38,000 rpm for 16 h at 4°C. The sucrose gradient 
was fractionated by puncturing the bottom of the tube and 
collected at 15 drops per fraction. Twenty five 
microliters of each fraction was spotted in a vial and 5 ml 
of ecolume solution (Beckman) was added and counted in a 
Scintillation Counter (Beckman LS7000). 
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The refractive index (RI) of each fraction was also 
determined. Normally, three [14 C]-glycerol peaks were 
apparent after plotting the graph of radioactivity in cpm 
versus the fraction number. Each peak fraction was pooled, 
dialyzed against TE buffer overnight, and stored at -20°C. 
Alternatively, after the 16 h ultracentrifugation step, the 
peak bands were clearly visible. Therefore, each band 
could be removed separately by puncturing the side of the 
tube with an hypodermic needle connected to a syringe. The 
lower sedimenting band from the bottom of the gradient was 
first collected and referred to as the heavy fraction (OM). 
Likewise, the upper sedimenting band was collected and 
referred to as the light fraction (IM). 
In Vitro Binding of Plasmid R6K and Derivatives to Cell 
Membrane Fractions (Reconstitution Experiment). 
Using the procedure of Winston and Sueoka (1980b) and 
Korn et al. (1983), the purified [3H]-thymidine labelled 
covalently closed circular (CCC) plasmids were used to 
perform DMA binding experiments with the inner and outer 
membrane layers. In these experiments, 200 pi of each 
membrane layer was incubated at 45° C for 10 min. Following 
this incubation period, 1 X 105 cpm of the radioactive CCC 
R6K, or its derivatives were added to the reaction mixture 
and incubated at 45°C for 5 min. The reaction mixture was 
then transferred to a 32°C water bath, and incubated for 30 
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min. The reaction mixture was chilled in an ice bath, and 
layered on a preformed 5-20% sucrose gradient made in TKE 
buffer (0.02 M Tris-HCl, pH 8.0; 0.06 M KC1; and 0.001 M 
EDTA) with a 64% sucrose shelf at the bottom of the 
centrifuge tube. The gradient (5-20% sucrose) was 4.0 ml 
made in 5 ml nitrocellulose tubes containing 0.5 ml of a 
64% sucrose shelf at the bottom. 
The gradient was centrifuged at 32,500 rpm for 30 min 
in SW50.1 rotor and fractionated by puncturing the bottom 
of the tube and collecting 10 drops per fraction into 
trays/vials. Radioactivity was determined as described 
earlier in the section, Isolation of Inner and Outer 
Membrane Layers. The plasmid DNA-membrane complexes 
sedimented to the bottom of the gradient while the free DNA 
and unbound membrane remained at the top of the gradient. 
This experiment was used to study preferential binding of 
plasmid R6K to inner and outer membrane layers. 
Plasmid R6K Binding Potential in the Presence of MgCl: and 
KC1. 
The effects of salts on binding of plasmid molecules 
to membrane was observed by including salt in the reaction 
mixture. In these experiments, 100 mM KC1 or 10 mM MgCl2 
was included in the reaction buffer (20 mM Tris-HCl, pH 
7.2, 1 mM EDTA, and 50 pg/ml BSA) . After the incubation 
period, each sample mixture was analyzed on 5-20% sucrose 
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gradients after centrifugation for radioactivity as 
previously mentioned. 
Mapping of the Attachment Site(s) of Plasmid R6K. 
Korn et al. (1983) have shown that plasmid pSL103, a 
chimera of plasmid pUBllO, and an EcoRl fragment from B. 
pumilus, utilized the replication origin from pUBllO for 
binding to the cell membrane fraction. On the basis of 
these findings, we investigated the three origins of 
replication of plasmid R6K DNA for cell membrane binding 
potentials. Thus, the derivatives, pRD17, pMF26, pMF34, 
and pRK35, containing one or more of the three origins of 
plasmid R6K, were used to demonstrate the membrane 
attachment sites of plasmid R6K DNA. Each of the 
derivatives contains one of the three origins of 
replication (a, /3 and Y ) of the plasmid R6K DNA, as shown 
in Table 1. Cell membrane fractions ( IM & OM) were 
prepared from each of the derivative host cells. [3H]- 
labelled purified CCC forms of each plasmid were prepared, 
and in vitro binding assays were performed using plasmid 
and cell membrane fractions from each host cell. 
Binding of Plasmid R6K and Its Cloned Derivatives to 
Membrane Fractions from F Minus Hosts Cells. 
Cell membrane fractions (IM and OM) of F' strains, 
HB101 and RS64, were prepared as mentioned previously. 
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TABLE 1. CLONED DERIVATIVE PLASMIDS OF R6K DNA. 
Plasmid Phenotype Genotype 
pRD17 Ampicillin resistance a & Y 
pMF26 Ampicillin resistance P & Y 
pMF34 Ampicillin resistance Y 
pRK35 Kanamycin resistance a, P & y 
The cloned derivatives contain genotypically 1, 2 or all of 
the three origins of replication of the parental plasmid, 
R6K. Phenotypically, all of the derivatives confer 
ampicillin resistance to their hosts except pRK35 that 
renders its hosts resistant to kanamycin. 
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These cell membrane fractions were used with plasmid R6K 
and its derivatives for in vitro binding experiments. 
Competitive Binding Experiments. 
Competition for binding sites on the membrane was 
examined by including both labelled and unlabelled plasmid 
DNA in the same reaction mixture. In these experiments, 
[3H]-labelled R6K DNA and a 25-fold excess of unlabelled 
R6K or pRK35 were included in the reaction mixture. After 
incubation, the sample was analyzed for radioactivity on 5- 
20% sucrose density gradients as mentioned under the 
Reconstitution Experiment. In some experiments, a 25-fold 
excess of unlabelled plasmid DNA from a different source 
was added to the reaction mixture. 
Calculation of Percentages of Plasmid DNA Bindings. 
The percent bindings were calculated using the 
following formula: 
T X1-radioactivity in cpm x 100 = %Binding 
[Y]-radioactivity in cpm 
[X] = amount of recovered [3H]-labelled plasmid 
DNA in cpm, that formed a peak at the 
bottom of the gradient. 
[Y] = total [3H]-labelled plasmid DNA in cpm, 
recovered from the gradient. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
Isolation of Inner (IM) and Outer (OM) Cell Membrane 
Layers. 
For the in vitro binding assays performed in these 
studies, membrane fractions were isolated from cells 
hosting plasmid R6K, a series of R6K derivatives, and F 
minus cells. For these preparations, cells were labelled 
with [u C]-glycerol while growing exponentially. After 
harvesting, the cells were disrupted by sonication, and 
subjected to series of ultracentrifugation to separate 
total membrane from the cell's cytoplasmic components. The 
final preparations (total membrane) were subjected to 
isopynic sucrose density centrifugation to separate outer 
membrane from inner membrane fractions. 
After ultracentrifugation and fractionation of the 
gradients, three peaks of radioactivity were observed (Fig. 
1) . The sedimentation profiles and densities of these 
peaks were similar to those reported by Osborn et al. 
(1972). As shown in Fig. 1, the outer membrane fraction 
[(OM)-Heavy fraction] sedimented near the bottom, while the 
inner membrane fractions [(IM)-Light fractions 1 and 2] 
sedimented towards the top of the gradient. The buoyant 




(L and L ) were found to be 1.23, 1.13, and 1.15, 
respectively. 
Analysis of Plasmid R6K on 5-20% Neutral Sucrose Density 
Gradient. 
The isolation and separation of membrane-associated 
forms of DMA have been demonstrated on 5-20% sucrose 
density gradients (Korn et al. 1983). On these gradients, 
membrane-associated forms of DMA sedimented near the bottom 
of the gradients. Therefore, similar experiments were 
conducted to determine the location of plasmid R6K free of 
membrane association on 5-20% neutral sucrose gradients. 
Figure 2 illustrates the profile of purified covalently 
closed circular molecules of R6K plasmid on this gradient. 
As it can be seen, essentially all of the [3H]-dThd 
labelled plasmid DMA (98.9%) sedimented near the top of the 
gradient. The results, therefore, demonstrate that plasmid 
DMA molecules free of membrane association do not form a 
peak near the bottom of the gradient, as expected with DNA- 
membrane complexes. These results are consistent with the 
findings of Korn et al. (1983). 
In Vitro Binding Profile of Crude, OM and IM Cell Membrane. 
Using the procedure of Korn et al. (1983), crude 
lysates were prepared from cells hosting R6K DMA. Here, 
the cells were lysed by exposure to lysozyme, and sheared 

















removed by low speed centrifugation. Aliquots of this 
lysate (200 pi) were then incubated with [3H]-dThd labelled 
plasmid R6K, and the sample was layered on to 5-20% sucrose 
gradients. The gradients were centrifuged, fractionated, 
and radioactivity was determined as mentioned in the 
Materials and Methods. As shown in Fig. 3A, incubation of 
R6K molecules with the crude lysates did not demonstrate a 
high degree of binding of the plasmid DNA (less than 1%). 
Because of the inability of the crude lysate to 
demonstrate significant binding, we performed the same in 
vitro binding experiments using isolated OM and IM 
fractions. Figures 3 B and C, illustrate the results of 
these experiments. As can be observed, binding was 
increased significantly when labelled R6K DNA was incubated 
in the presence of purified OM (39%) and IM (24%) 
fractions. Additionally, these results indicated that 
there was nearly twice as much binding to OM when compared 
to IM binding. 
Effects of Potassium and Magnesium Ions on the Complexing 
of R6K Plasmid DNA to Its Host Membrane Fractions. 
Results by Hendrickson et al. (1982) have shown that 
there was a five-fold increase in binding when Mg++ ions 
were included in their reaction mixture. Similar results 
were obtained when K+ ions at low concentration (100 mM) 
were included in the reaction mixture. In contrast to 
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these findings, Tanaka and Sueoka (1983) demonstrated that 
the inclusion of Mg++ in their reaction mixture inhibited 
the complexing of DNA to membrane fractions. In view of 
these findings, 10 mM and 100 mM final concentration of 
MgCl2 and KC1, respectively, were included in our reaction 
mixtures to determine the effects on the complexing of 
plasmid R6K DNA to its host outer and inner membrane 
components. 
The results of these findings are depicted in Fig. 4 A 
and B. As can be seen (Fig. 4A), there was significant 
difference in the binding potential of R6K DNA to the inner 
membrane fraction when incubated in MgCl2 (16%) or KC1 
(8%). On the other hand (Fig. 4B), no significant 
differences in the binding potential of R6K to the outer 
membrane component were observed when incubated in MgCl2 
(15%) or KC1 (12%). However, incubation in either MgCl2 or 
KC1 represented a (50%) decrease in the binding potential 
of R6K plasmid DNA when compared to the control (39% and 
24%) binding for OM and IM, respectively (Fig. 3 B and C). 
Mapping of the Attachment Site(s). 
Plasmid R6K is a 38 Kb pair covalently closed circular 
molecule. Digestion with EcoRl yields two fragments: A 22 
Kb fragment which contains the two antibiotic resistant 
genes (Streptomycin and Ampicillin); and a 16 Kb fragment 






















& Y ) for replication (Kolter and Helinski, 1978a). The 
fragment containing the three origins of replication was 
cloned, and called pRK35 (Fig. 5) (Filutowicz et al., 
1986). Using in vitro binding experiments, this plasmid 
was analyzed for its binding potential to both OM and IM 
fractions. The results from these studies indicated that 
this plasmid could bind to both OM and IM (10-16%) of its 
host cell (Fig. 6). These results also showed that the 
percent binding was similar to that of the parental 
plasmid, R6K (12-18%). 
The three origins were also cloned separately as shown 
in Fig. 5 (Filutowicz et al., 1986; Kolter and Helinski, 
1982) to determine which of the three origins or sites was 
responsible for binding to the membrane components. Cell 
membrane fractions (OM and IM) were prepared as mentioned 
before from the cells hosting each of the plasmids. Using 
the in vitro binding assay, each plasmid was tested for its 
binding potential with its own host cell membrane. As 
shown in Figs. 6 and 7, our data illustrate that these 
plasmids could bind only when KC1 (100 mM) was omitted from 
the reaction mixture. These studies further indicate that 
each of the R6K cloned derivatives (containing 1 or more of 
the origins for R6K replication) has the potential for 
binding to membranes obtained from host cells harboring 
these plasmids. However, when potassium ions were included 
in the reaction mixture, the binding potential of plasmid 
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missing any one of the three origins was significantly 
reduced (Table 2). These experiments indicate that 
undercertain experimental conditions, the presence of all 
three origins presents a conformation that is favorable for 
plasmid R6K DNA binding. 
Table 2 is the summary of the binding profiles of 
plasmid R6K and its derivatives. The derivatives lacking 
one or two of the origins for their replication showed 
binding potential only in the absence of potassium ions. 
However, the derivative, pRK35, which contains all three 
origins, and the parental plasmid, R6K, showed plasmid DNA- 
membrane association in the presence and absence of 
potassium ions. Plasmids R6K and pRK35, therefore, exhibit 
stable and salt-insensitive binding. This association is 
known as Type-I binding. The other derivatives showed 
unstable and salt-sensitive binding and is referred to as 
Type-II binding. 
Binding of Plasmid R6K and Its Cloned Derivatives to 
Membrane Fractions from F Minus Host Cells. 
Bacterial cell membranes have been shown to contain 
different kinds of DNA binding proteins (Lack et al., 
1975). Therefore, one may expect plasmid DNA to bind 
randomly to any membrane. In the light of these possibili¬ 
ties, plasmid R6K and its cloned derivatives were incubated 
in the presence of membrane fractions isolated from plasmid 
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TABLE 2. BINDING OF R6K AND ITS DERIVATIVE PLASMIDS TO 










pRD17 a & Y 4.2 - - + + 
pMF26 p & Y 5.6 - - + + 
pMF34 Y 6.3 - - + + 
pRK35 a, P & Y 13.6 + + + + 
R6K a, p & Y 
(Parental) 
25.0 + + + + 
This is a summary of the binding potential of plasmid R6K 
and its cloned derivatives in the presence and absence of 
KC1. 
+ = significant binding 
- = no significant binding 
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minus cells (HB101 and isogenic F~ cells, RS64). Figure 8 
illustrates the results of these studies. As can be 
seen, no binding of R6K nor its cloned derivatives to 
membrane fractions of F" cell was observed when incubated 
in the presence of 100 mM KC1 (Fig. 8). Similar results 
were observed when these plasmids were incubated in the 
absence of K+ (data not shown). These results indicate 
that binding of these plasmids to membrane components may 
be a plasmid-determined function. 
Binding Potential of Plasmids from Gram-Negative and Gram- 
Positive Hosts. 
Results obtained thus far have suggested that the 
binding of plasmid to membrane components may be plasmid 
determined (Fig. 8). However, these conditions do not rule 
out the possibility of nonspecific or random binding in the 
absence of K+ to membranes of cells hosting a specific 
plasmid, such as, R6K. Therefore, to determine if the DNA 
binding potential of membrane fractions obtained from cells 
hosting R6K was selective, plasmids from different origins 
were incubated with R6K host membrane fractions. In these 
experiments, plasmid NR1 from P. mirabilis (gram-negative), 
and the penicillinase plasmid, pI524 from gram-positive S. 
aureus, were incubated with OM and IM membrane components 
isolated from cells harboring R6K. These results are 




































both plasmid molecules, NR1 (Fig. 9A), and pI524 (Fig. 
9B), were capable of binding to the membrane fractions from 
cells hosting R6K. 
Competitive Binding. 
Binding of plasmid R6K at non-specific sites may be 
competed out randomly by plasmid DNA from a different 
source. On the other hand, binding at specific sites may 
be competed out by plasmid R6K itself, or by a plasmid 
with similar binding sites. 
To determine if the complexing of NR1 and pI524 to 
membrane fractions observed in the previous section were at 
non-specific sites, competitive binding experiments were 
performed with R6K, pRK35 and pI524 plasmid molecules. 
Here, labelled R6K or pRK35 DNA was incubated in the 
presence of a 25-fold excess of unlabelled, R6K, pRK35 or 
pI524. The results obtained from these studies indicated 
that when [3H]-labelled pRK35 was incubated in the presence 
of a 25-fold excess of unlabelled pRK35 or R6K, there was a 
significant reduction in the amount of DNA-membrane 
complexes formed (Fig. 10). This was illustrated by the 
reduction in the amount of labelled pRK35 recovered at the 
bottom of the gradient (Fig. 10A) . Similar results were 
obtained when a 25-fold excess of unlabelled R6K was added 
to the incubation mixture (Fig. 10B). That is, the 





































reduced in the presence of unlabelled R6K. These results 
are consistent with our previous data, and indicated that 
pRK35 and R6K were competing for the same binding sites on 
the membrane fraction. Unexpectedly, however, a 25- 
foldexcess of unlabelled plasmid pI524 also showed 
competition with the labelled plasmid R6K for attachment 
sites (Fig. 11). Panel A illustrates competitive binding 
between plasmids R6K and pI524 for attachment sites on IM. 
Panel B indicates competition between plasmid R6K DNA and 
plasmid pI524 for OM attachment sites. These results 
indicate that plasmids R6K and pI524 share some 


























The process by which DNA is replicated in procaryotes 
has been well studied (Kornberg, 1988) . However, virtually 
little is known about the maintenance of these molecules in 
these organisms. Based on available data and experimental 
evidence, the attachment of DNA to its host membrane is 
plausible for replication and segregation (Jacob et al., 
1963; Kornberg, 1988). However, previous studies of host 
chromosomes have shown that it is difficult to study these 
two events together at the molecular level, because 
experimental alterations of the system could be lethal to 
the cells. For simplicity, and because of their sizes, 
plasmids DNA molecules are attractive for studying these 
events. 
As suggested by Scott (1984), maintenance of plasmid 
DNA in bacterial cells involves two important factors. 
These are (i) faithful replication once in each cell cycle, 
and (ii) their accurate partition to ensure that each 
daughter cell receives one copy. Despite the evidence that 
DNA and membrane are attached (Archibold et al., 1983), the 
purpose of the attachment has not been elucidated. 
However, since Jacob et al., (1963) proposed that bacterial 
DNA attaches to the membrane for replication and 
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segregation, there have been reports indicating chromosomal 
and plasmid replication as membrane-associated events 
(Winston and Sueoka, 1980a; O'Sullivan and Sueoka, 1972; 
Siegel and Schaechter, 1973). 
The cell membrane is composed of complex macro¬ 
molecules. In procaryotes, it is the proposed site of 
numerous biochemical and biophysical events. It is the 
site of nutrients transport, oxidative phosphorylation, and 
phospholipid biosynthesis (Ishidate et al., 1986). The 
cell membrane has also been implicated in other vital 
functions not yet thoroughly investigated, such as, 
partitioning and incompatibility. Thus, it is reasonable 
to suggest that the attachment of DNA to membrane may be 
necessary for transmission of signals that coordinate 
replication and partitioning of DNA in procaryotes. 
We have chosen plasmid R6K to study further the 
relationship between DNA and its host membrane. In 
previous studies with this plasmid DNA, our laboratory was 
able to identify membrane-associated forms of R6K plasmid 
DNA (Archibold et al., 1983). These studies demonstrated 
that during exponential growth, plasmid R6K could be found 
primarily associated with the inner membrane of the cells. 
However, attempts to identify the possible sites of binding 
to help establish the probable function of this association 
were difficult because of nuclease activity observed with 
the in vivo membrane complex (Archibold et al., 1983). 
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Thus, in order to study the possible role(s) of R6K 
complexing to its cellular membrane, in vitro binding 
experiments were performed to identify the sites of 
complexing, and to determine the possible roles of the 
membrane in the maintenance of this plasmid. 
Our studies of plasmid R6K in relationship with its 
host (E. coli) cell membrane revealed that under the in 
vitro binding conditions, the plasmid DNA could be found 
binding to both the outer and inner membrane preparations. 
These findings suggest that the membrane must be in a 
proper topological order for binding to occur. On the 
other hand, only a very small degree of binding was 
observed with the crude membrane preparation. This could 
have resulted from proteins in the crude extract e.g., 
nuclease proteins, which were not separated from membrane 
fractions. Alternatively, the isolation of the two 
components separately (outer from inner membrane) exposed 
DMA-binding proteins which resulted in increase binding of 
R6K DNA. The effects of magnesium and potassium ions on 
the complexing of R6K to its host membrane fractions were 
examined. It was observed that plasmid R6K DNA-membrane 
complexing was reduced in 10 mM concentrations of MgCl2 and 
100 mM of KC1, when compared with the control. This 
decrease was expected since both Mg++ and K* possibly 
eliminated the unstable and nonspecific binding which 
contributed to the binding potential observed in the 
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control results. A comparison of the binding potential of 
R6K to OM and IM components indicated that there was more 
binding to inner membrane (IM) in the presence of Mg++ than 
in the presence of K+. However, the degree of binding with 
OM was essentially the same when MgCl2 or KC1 was included 
in the reaction mixture. These results appear to be 
consistent with the findings of Tanaka and Sueoka (1983). 
On the other hand, the results seem to contradict the 
findings of Hendrickson et al. (1982). That is, Mg++ in 
their experiments enhanced complexing of DNA to membrane. 
Consistent with the findings of Tanaka and Sueoka 
(1983), our studies suggest that the concentration of salt 
in the reaction mixture could affect the degree of DNA 
complexing to its host membrane during in vitro 
reconstitution of DNA-membrane complexes. While K+ 
stimulated binding of R6K to OM membrane fractions when 
compared to IM, it does so only under a specific set of 
conditions. That is, the present data indicate that 
derivatives of R6K lacking any of its three origins for 
replication could bind only in the absence of salt in the 
reaction mixture. These results imply that the derivatives 
lacking an origin exhibited Type-II binding, as described 
by Tanaka and Sueoka (1983), i.e., nonspecific in terms of 
their function. This type of binding would represent an 
unstable complexing, and would be easily destroyed by salt. 
On the other hand, the derivative containing all three 
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origins for R6K replication as well as the parental plasmid 
R6K exhibited stable binding in the presence of KC1. This 
type of binding is referred to as Type-I binding, and is 
speculated to be genetically determined by the plasmid for 
a specific function. 
The bacterial cell membranes have been shown to 
contain several DNA binding proteins (Lacks et al., 1975), 
and as such, there is the possibility of random complexing 
of DNA to membrane. In studies where we have addressed 
this issue, we found that when R6K or its cloned 
derivatives were incubated with membrane isolated from 
cells devoid of plasmids (F-minus cells), complexing to 
these membrane fractions was not observed. 
Studies by Tanaka and Sueoka (1983) using B. subtilis 
have revealed that plasmid pSL103 would compete with itself 
for attachment sites on the cell membrane. However, 
plasmid pACY184 (a compatible plasmid) would not compete 
with pSL103 for the same membrane attachment sites. 
Similar findings were obtained in the studies of pl524 in 
S. aureus (Latinwo, 1986). Our experimental data on 
competitive binding gave interesting results. Both 
plasmids R6K and pRK35 competed with each other, as well as 
individually, for binding sites on cell membrane fractions. 
Unexpectedly, we found that plasmid pI524 (a plasmid 
from a gram-positive bacterium, S_;_ aureus ) could bind to 
membrane fractions from cells hosting R6K. Furthermore, 
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competition with R6K plasmid DNA for membrane attachment 
sites could be illustrated. Additionally, NR1 plasmid from 
a gram-negative host, mirabilis, also demonstrated 
binding potential to membrane from cells hosting R6K. 
Similar results have been reported in the binding studies 
performed with plasmid R6K to membrane fractions isolated 
from P. mirabilis (Stukes, 1988). Together, these results 
suggest the following: (i) The complexing of plasmid DNA 
molecules to membrane is apparently genetically determined 
by the residing plasmid, i.e., a plasmid encoded function, 
and (ii) this plasmid encoded function renders the hosting 
cell membrane the potential of complexing plasmid molecules 
irrespective of their origins. Whether the complexing of 
these molecules (NR1 and pI524) is site (sequence) specific 
or dependent on the conformational state of the plasmids is 
not known. Furthermore, whether such complexing could 
support a maintenance function in vivo has not been 
determined. It was, however, interesting to note that the 
plasmid isolated from a gram-positive organism could 
compete with R6K DNA. In addition, this plasmid (pI524) 
could compete under the conditions (presence of K+) which 
inhibited binding of the cloned R6K derivatives lacking one 
or two of the origins for replication. 
Previous studies (Tanaka and Sueoka, 1983) have shown 
that the complexing of pUBHO to membrane fraction in in 
vitro systems occurred at a specific region of the DNA. 
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Similarly, Hendrickson et al. (1982) have also shown that 
the outer membrane layer of coli could bind to a 
chromosomal fragment containing the origin of replication. 
These results appear to support the concept that DNA- 
membrane association is necessary for initiation and 
replication of these molecules. Our studies with a series 
of R6K cloned derivatives containing 1, 2 or all three of 
the origins for its replication have shown that only the 
derivative, pRK35, carrying the three origins could bind to 
membrane fractions in the presence of potassium ions. On 
the other hand, cloned derivatives carrying 1 or 2 of the 
three origins for replication could only bind to the 
membrane fractions in the absence of potassium ions. These 
results appear to suggest that the three origins must be 
contiguous for binding, thus presenting a specific 
conformation for stable complexing to occur. Binding 
studies with the other regions of this plasmid containing 
the antibiotic genes did not show any significant binding 
potential (data not shown). 
Previous studies on the binding of plasmid pI524 to 
its host membrane have shown the probable involvement of 
proteins in mediating its binding (Latinwo, 1986). A 
similar suggestion has been proposed for the broad host 
plasmid RK2 (Laffan and Firshein, 1987). In the present 
study, we have shown the complexing of R6K to both OM and 
IM membrane fractions. In this regard, binding may be 
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mediated via integral proteins that are common to both OM 
and IM membrane layers. Studies have shown the presence of 
zones of adhesions where both membrane layers fused 
together (McAlister et al. 1983). These zones could serve 
as possible binding sites for this plasmid. An analysis of 
R6K replication has shown that the pi protein, the product 
of the pir gene, is necessary for the replication of this 
plasmid (Inuzuka and Helinski, 1978; Filutowicz et al., 
1986; Filutowicz et al., 1987). This protein plays an 
essential role in the replication of plasmid R6K in that it 
binds to the Inc site in the gamma origin, and controls the 
initiation of R6K replication. Thus, it is feasible that 
this protein could also play an essential role in 
complexing of R6K DNA to its host membrane fractions. 
Results from various investigations have shown that 
DNA bending is necessary for the initiation of DNA 
replication (Patel and Bastia, 1986; Echols, 1984; Koepsel 
and Khan, 1986). There is also evidence in support of DNA- 
membrane association for replication (Jacob et al., 1963; 
O'Sullivan and Sueoka, 1972; Siegel and Schaechter, 1973). 
From these findings, it appears that one of the criteria 
for plasmid R6K DNA to have stable binding to the membrane 
is the presence of the three origins. When the three 
origins are contiguous, this allows for bending. This 
conformational state is lost when any of the three origins 
is deleted from the regulatory region, as demonstrated by 
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plasmids pRD17, pMF26, and pMF34. This in turn affects the 
binding potential of the plasmid molecules. 
There is limited evidence that supports the notion 
that bacterial DNA attaches to the cell membrane for 
partitioning. However, studies have shown that mutations 
in the Inc sites of PI and miniplasmid F resulted in the 
lost of the phage and F miniplasmid DNA molecules over 
several generations in their respective hosts (Abeles et 
al., 1985; Austin and Abeles, 1983). These results are in 
support of the concept that complexing of DNA to membrane 
may be to promote equal partitioning of DNA to progeny 
cells. 
Sequence analysis of R6K has also shown the presence 
of an Inc site (seven direct repeat) within the gamma 
origin. Deletion of this site has also led to instability 
of these molecules, and a gradual lost of this plasmid from 
the cell population. Because the incompatibility site is 
embedded in the gamma origin for replication, this makes it 
difficult to study the relationship of DNA membrane 
complexing to replication and segregation independently. 
In addition, R6K is a relax plasmid with about 15 copies 
per chromosomal equivalence. Its mode of DNA partitioning 
may be by random assortment. Because of its high copy 
number, this random assortment mode could also play a role 
in ensuring that each daughter cell receives a copy of the 
plasmid DNA. 
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Finally, we have established that plasmid R6K DNA 
could bind to OM and IM based on our in vitro studies. 
However, the role of membrane in the maintenance of plasmid 
R6K needs further study to ascertain if attachment is 
necessary for DNA replication or segregation or for both. 
In addition, the involvement of the pi protein, if any, in 
plasmid R6K DNA-membrane complexing should be investigated. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
We have investigated by in vitro binding experiments 
the maintenance of plasmid R6K DNA in its host, E. coli. 
Using isopynic sucrose density gradient centrifugation, OM 
and IM fractions were isolated from exponentially growing 
cells labelled with [14 C]-glycerol. Employing CsCl density 
gradient centrifugation techniques, [3H]-dThd labelled and 
unlabelled covalently closed circular duplex plasmid DNA 
molecules were purified. These molecules (CCC) along with 
the isolated membrane fractions were used for the in vitro 
binding studies. Based on our results, the following 
conclusions could be drawn: 
1. Plasmid R6K showed little attachment to crude membrane 
preparations, but significant binding of the plasmid 
DNA was observed with both OM and IM fractions. This 
suggests that the membrane must be in a certain 
topological form for attachment to occur. 
2. The inclusion of Mg++ or K+ in the reaction mixture 
reduced the degree of plasmid DNA-membrane association 
at 10 mM and 100 mM concentrations, respectively, when 
compared with the control. We observed substantial 
binding with IM in the presence of Mg++than with K+. 
On the other hand, the binding potential was 
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essentially the same with OM in the presence of 
magnesium or potassium ions. 
3. The derivatives, plasmids pRD17, pMF26, and pMF34, 
lacking one or more of the origins for R6K replication 
did not bind to their host membrane in the presence of 
potassium ions. However, these plasmid did show 
complexing in the absence of potassium ions. This 
type of binding is known as Type-II binding (unstable 
and nonfunctional binding). 
4. On the other hand, plasmids pRK35 and R6K that carry 
all three of the origins of replication could bind to 
both OM and IM in the presence and absence of 
potassium ions. This implies that for stable binding, 
the three origins must be contiguous. 
5. Plasmid R6K and cloned derivative pRK35 could bind to 
membrane fractions from F+ but not to membrane 
fractions from F" hosts suggesting that complexing is 
a plasmid encoded function. 
6. Plasmid pI524, from a gram-positive host, and plasmid 
NR1 from a gram-negative host could bind to membrane 
fractions of plasmid R6K host. In addition, plasmid 
pI524 competed with plasmid R6K DNA for membrane 
attachment sites. Whether complexing of these 
plasmids is site (sequence) specific or is dependent 
on conformation of the molecules has not been 
determined. 
59 
These results clearly indicate that the specific 
binding sites of plasmid R6K reside within the 4 kb 
sequence, the regulatory region for maintenance 
(replication and segregation). These results did not 
delineate the role of membrane in the maintenance of this 
plasmid since complexing was dependent on the presence of 
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